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(54) EXHAUST GAS PURIFICATION DEVICE
(67)  To further homogenize distribution of a reduct-
ant in exhaust gas. An exhaust gas purification device of
an engine includes: an exhaust passage (4) extending
from a combustion chamber (1) of an engine (8); a tem-
perature increasing member (10) which is disposed on
an inner side of an inner wall surface of the exhaust pas-
sage (4) and which is to be heated by exhaust gas pass-
ing thereby; a reductant injector (20) disposed down-

FIG. 1

stream the temperature increasingmember (10) and con-
figured to inject urea as a reductant into the exhaust gas;
and a reduction catalyst (13) for purifying nitrogen oxide
contained in the exhaust gas with ammonia produced
from the urea. The reductant injector (20) is configured
to inject the reductant urea toward a downstream end
portion (11) of the temperature increasing member (10).
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an exhaust
gas purification device of an engine, which purifies ex-
haust gas discharged from the engine.

BACKGROUND

[0002] Generally, asanexhaustgas purification device
for a diesel engine or the like, a diesel oxidation catalyst
and a diesel particulate matter filter are used, for in-
stance, in order to purify diesel exhaust particulate mat-
ters (PM) and nitrogen oxide (NOx) contained in exhaust
gas.

[0003] Furthermore,thereis asystemusinga NOx trap
catalyst or a urea selective catalytic reduction device, for
instance, in order to purify nitrogen oxide (NOx) con-
tained in lean exhaust gas.

[0004] A urea selective catalytic reduction device in-
jects urea solution, which serves as a reductant, into ex-
haust gas through a reductant injector disposed up-
stream a reduction catalyst body, thereby utilizing ther-
mal decomposition of the urea into ammonia (NH3) by
heat of exhaust gas. The produced ammonia reacts with
nitrogen oxide in exhaust gas in the vicinity of the reduc-
tion catalyst body, and turns into nitrogen gas (N,) and
water (H,0). Accordingly, nitrogen oxide in the exhaust
gas is purified.

[0005] For instance, in Patent Document 1
(JP2012-122469A), a diesel oxidation catalyst device
and a diesel particulate matter filter are disposed in series
along the gas flow direction of an exhaust passage, and
a reductant injector and a reduction catalyst body of a
urea selection catalytic reduction device are disposed in
series on the downstream side of the diesel particulate
matter filter.

SUMMARY

[0006] Generally, a urea selection catalytic reduction
device has an excellent purification property of purifying
nitrogen oxide in a high temperature region compared to
a nitrogen oxide trap catalyst device, but its purification
performance tends to deteriorate in a low temperature
region. Thus, in recent years, a urea selective catalytic
reduction device is often located at a position more prox-
imate to the engine to ensure a high reaction tempera-
ture.

[0007] When a urea selective catalytic reduction de-
vice is positioned proximate to the engine, the distance
between the combustion chamber of the engine and the
reduction catalyst body of the urea selective catalytic re-
duction device becomes shorter. Thus, it is difficult to
distribute injected urea solution uniformly over the entire
exhaust gas before the exhaust gas enters the reduction
catalyst body.
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[0008] If, hypothetically, the urea solution is not uniform
enough in exhaust gas, it may be difficult to exert a suf-
ficient purification performance for the amount of urea
solution supplied thereto. Therefore, a mixer is often pro-
vided downstream the reductant injector, for spreading
urea solution throughout exhaust gas.

[0009] A mixeris effective to some extent, in spreading
urea solution over exhaust gas. However, to distribute
urea solution over exhaust gas evenly on a constant basis
even in various operational states and temperature con-
ditions that change from hour to hour, further improve-
ment is required.

[0010] Thus, an object of at least one embodiment of
the present invention is to improve homogeneity of a re-
ductant injected into exhaust gas.

[0011] To solve the above problem, an exhaust gas
purification device of an engine according to at least one
embodiment of the present invention includes: an ex-
haust passage extending from a combustion chamber of
an engine; a temperature increasing member which is
disposed on an inner side of an inner wall surface of the
exhaust passage and which is to be heated by exhaust
gas passing thereby; a reductant injector disposed down-
stream the temperature increasing member and config-
ured to inject a reductant into the exhaust gas; and a
reduction catalyst for purifying nitrogen oxide contained
in the exhaust gas with the reductant or a substance pro-
duced from the reductant. The reductant injector is con-
figured to inject the reductant toward a downstream end
portion of the temperature increasing member.

[0012] With the above configuration, a reductant is in-
jected by the reductant injector toward the downstream
end portion of the temperature increasing member dis-
posed upstream of the reductant injector, and thus the
reductant faces opposite to the flow direction of exhaust
gas, whereby the penetration force in injection is weak-
ened. Furthermore, the injected reductant adheres to the
downstream end portion of the temperature increasing
member having a temperature increased by exhaust gas.
Accordingly, evaporation of the reductantis promoted by
the temperature increasing member having a tempera-
ture relatively higher than the inner wall surface of the
exhaust passage, and thereby it is possible to homoge-
nize distribution of the reductant in exhaust gas.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1 is a schematic diagram of an exhaust gas
purification device of an engine according to an em-
bodiment of the present invention.

FIG. 2 is a schematic diagram showing a modified
example of FIG. 1.

FIG. 3 is a schematic diagram showing a part of an-
other modified example of FIG. 1.
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DETAILED DESCRIPTION

[0014] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
FIG. 1is aschematic diagram showing a conceptual con-
figuration of an exhaust gas purification device of an en-
gine according to the present embodiment.

[0015] As shown in FIG. 1, an intake passage 3 and
an exhaust passage 4 are connected to a combustion
chamber 1 of an engine 8. The combustion chamber 1
is supplied with air through the intake passage 3. Fur-
thermore, fuel is injected into the combustion chamber 1
by a fuel injection device 2. Exhaust gas from the com-
bustion chamber 1 is sent out through the exhaust pas-
sage 4 drawn out from the combustion chamber 1, pass-
es through an exhaust gas purification part for removing
harmful substances, and then is discharged to atmos-
phere.

[0016] In the intake passage 3 connecting to the com-
bustion chamber 1, an air cleaner, a throttle valve 5 for
changing the passage cross-sectional area to control the
flow-rate of intake air, an air flow sensor 6 for detecting
the intake airamount, and the like, are disposed in series
from upstream toward downstream.

[0017] In the exhaust passage 4 drawn out from the
combustion chamber 1, a turbine 7 of a mechanical su-
percharger, a diesel oxidation catalyst device serving as
an upstream exhaust gas purification part A, a reductant
injector 20 for injecting a reductant into exhaust gas, a
mixer 30 for spreading the reductant in the exhaust gas
to homogenize the reductant, a reduction catalyst 13 for
purifying nitrogen oxide in exhaust gas with the reductant
or a substance produced from the reductant, a muffler
serving as a noise canceling device , and the like, are
disposed in series from upstream toward downstream.
[0018] The reductantinjector 20, the mixer 30, the re-
duction catalyst 13, and the like, constitute a urea selec-
tive catalytic reduction device 14 that serves as a down-
stream exhaust gas purification part B.

[0019] Thediesel oxidation catalystdevice hasaspace
inside, which has a greater cross section than the exhaust
passage 4 in front and rear thereof. Inside the space, a
honeycomb-structure member is housed as a carrier 12.
The carrier 12 includes an assembly of a number of cells
through which exhaust gas can pass through. The ma-
terial of the carrier 12 s, for instance, crystalline ceramics
(cordierite composition), which has a small thermal ex-
pansion coefficient and a high resistance against thermal
shock. A surface of the carrier supports metal for exerting
the function of a catalyst. Accordingly, it is possible to
purify harmful substances such as carbon monoxide and
carbon hydride contained in passing exhaust gas into
harmless substances such as water and carbon dioxide.
[0020] As described above, the diesel oxidation cata-
lyst device includes a member to be heated by exhaust
passage passing thereby (above carrier 12), on the inner
side of the inner wall surface of the exhaust pipe wall of
the exhaust passage 4, and the member to be heated
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may reach a relatively higher temperature than the ex-
haust pipe wall of the exhaust passage 4, whose outer
wall surface is exposed to outside air. Thus, hereinafter,
this member to be heated in the diesel oxidation catalyst
device will be referred to as a temperature increasing
member 10.

[0021] The temperature increasing member 10 consti-
tuting the upstream exhaust gas purification part A, and
the urea selective catalytic reduction device 14 serving
as the downstream exhaust gas purification part B, are
both disposed as a proximate catalyst which is disposed
proximate to the combustion chamber 1 of the engine 8,
in an environment often exposed to relatively high-tem-
perature exhaust gas.

[0022] The reductantinjector 20 injects a reductant to-
ward a downstream end portion 11 of the temperature
increasing member 10, thatis, toward the upstream side.
Herein, urea (CO (NH,),) is used as a reductant.
[0023] Urea is injected in a state of solution from the
reductant injector 20, to spread out over the exhaust gas,
while a part of the urea solution adheres to the temper-
ature increasing member 10. Then, the urea is decom-
posed by high heat of the temperature increasing mem-
ber 10 and exhaust gas, thus producing ammonia. The
urea adheres to the temperature increasing member 10
having a high temperature, and thereby decomposition
of the urea into ammonia is promoted. The exhaust gas
pipe wall has an outer surface exposed to outside air and
thus has a lower temperature than the temperature in-
creasing member 10. Thus, when urea adheres to the
exhaust gas pipe wall, the temperature of the urea de-
creases, which impedes vaporization. Thus, it is desira-
ble that urea is injected toward the downstream end por-
tion 11 of the temperature increasing member 10.
[0024] Furthermore, in the present embodiment, an
ammonia production promoting catalyst 11a which pro-
motes production of ammonia from urea is supported by
the downstream end portion 11 of the temperature in-
creasing member 10, and thus ammonia is produced
smoothly. The ammonia production promoting catalyst
11a can be supported on the surface of a downstream
end portion of the carrier 12.

[0025] The reductant injector 20 is disposed inside an
offset hole 21 having a recessed shape and having an
opening into the exhaust passage 4. Thus, the injection
nozzle of the reductant injector 20 is disposed slightly
further back from the inner wall surface of the exhaust
passage 4. Thus, it is possible to provide a spreading
part between the injection nozzle and the pipe, whereby
it is possible to ensure a long injection distance from the
injection nozzle to the temperature increasing member
10, as well as to protect the reductant injector 20 from
heat of exhaust gas. Furthermore, the reductant injector
20 does not obstruct the flow of exhaust gas.

[0026] The reductant injector 20 injects a reductant in
a direction facing the flow direction of exhaust gas in the
exhaust passage 4. In this embodiment, the reductant
injector 20 is disposed on the outer side of a bend section



5 EP 3 358 158 A1 6

4a connecting straight sections 4b, 4c of the exhaust pas-
sage 4, and the injection direction of a reductant is 180-
degree opposite to the flow direction of exhaust gas. In
other words, in the present embodiment, as shown in
FIG. 1, theinjection center line ’p’ in the injection direction
of the reductant injector 20 and the flow center line ’q’ of
exhaust gas in the exhaust passage 4 are aligned with
or parallel to each other. Thus, with the flow of exhaust
gas, it is possible to weaken the penetration force of the
injected reductant, thus promoting spreading and ho-
mogenization of the reductant.

[0027] Inside the reduction catalyst 13 and in the vicin-
ity thereof, thanks to the catalytic function of the reduction
catalyst 13, ammonia produced from urea and nitrogen
oxide contained in exhaust gas react, and thereby nitro-
gen gas and water are produced. Accordingly, exhaust
gas is purified before being released to the atmosphere.
[0028] Herein, since the mixer 30 is provided between
the reductant injector 20 and the reduction catalyst 13,
spreading and homogenization of urea, which is a re-
ductant, are further promoted. Thus, smooth production
of ammonia and reaction between ammonia and nitrogen
oxide are achieved. However, in a case where spreading
and homogenization of a reductant in exhaust gas are
performed sufficiently in the vicinity of the temperature
increasing member 10, the mixer 30 may be omitted, as
shown in the modified example of FIG. 2.

[0029] Furthermore, forinstance, as shown in the mod-
ified example of FIG. 3, the injection center line ’p" in the
injection direction of the reductant injector 20 may be in
such a direction that faces the flow center line 'q" of ex-
haustgasinthe exhaust passage 4 atanangle o. (0<a.<90
degrees). In this modification example, the reductant
agent is injected in a direction facing the flow direction
of exhaust gas inside the exhaust passage 4, and is in-
jected to the downstream end portion 11 of the temper-
ature increasing member 10.

[0030] In the exhaust passage 4, as shown in FIG. 1,
an ammonia detection part ’b’ is disposed upstream the
reduction catalyst 13 (in the vicinity of the inlet), for ob-
taining information on the inflow amount of ammonia.
Furthermore, a nitrogen oxide detection part 'c’ for ob-
taining information on the discharge amount of nitrogen
oxide and an O, sensor 'd’ are disposed downstream the
reduction catalyst 13 (in the vicinity of the outlet). Fur-
thermore, an exhaust gas temperature detection unit’a’
for detecting the temperature of exhaust gas is disposed
upstream the temperature increasing member 10 (in the
vicinity of the inlet).

[0031] A vehicle equipped with this engine 8 is further
provided with an electronic control unit (ECU) 40. The
electronic control unit 40 controls all devices required to
operate the engine 8, including intake and exhaust valves
and a fuel injection device, and various type of vehicle
equipment, for instance. Furthermore, information from
various sensors is transmitted to the electronic control
unit 40 through a cable.

[0032] The electronic control unit 40 includes an en-

10

15

20

25

30

35

40

45

50

55

gine control device 41 which controls the fuel injection
amount and the intake amount supplied to the combus-
tion chamber 1, or the amount or time of reductant injec-
tion, on the basis of information on the inflow amount of
ammonia obtained by the ammonia detection part’b’ and
information on the discharge amount of the nitrogen ox-
ide obtained by the nitrogen oxide detection part 'c’.
[0033] Through these controls, the engine control de-
vice 31 controls the amount of ammonia produced on the
upstream side of the reduction catalyst 13 depending on
the operational state, whereby itis possible to reduce the
discharge amount of nitrogen oxide.

[0034] Furthermore, in the above embodiment, the
member to be heated by exhaust gas in the temperature
increasing member 10 is the carrier 12 of a honeycomb
structure disposed on the inner side of the inner wall sur-
face of the exhaust passage 4, but a member other than
a honeycomb-structure member may be provided as the
carrier 12, such as a perforated member, a plate-shaped
member, a rod-shaped member, and a mesh-shaped
member. Furthermore, as the temperature increasing
member 10, a member in another form constituting an
exhaust gas purification part may be provided instead of
a member constituting the diesel oxidation catalyst de-
vice, such as a filter member constituting a diesel partic-
ulate matter filter. Alternatively, as the temperature in-
creasing member 10, a member for a purpose other than
exhaust gas purification may be provided, such as a
member of various shape provided for flow rectification,
pressure regulation, or the like. At this time, the shape
of the member may include honeycomb shape, perforat-
ed shape, plate shape, rod shape, mesh shape, and the
like.

[0035] Furthermore, while urea is used as a reductant
in the above embodiment, the present invention may be
applied to a case in which a reductant other than urea is
used. For instance, ammonia may be used as a reduct-
ant, and ammonia solution or the like may be injected.
[0036] Furthermore, while both of the upstream ex-
haust gas purification part Aand the downstream exhaust
gas purification part B are proximate catalysts in the
above embodiment, the present invention can be also
applied to a case in which the upstream exhaust gas
purification part A and the downstream exhaust gas pu-
rification part B are each provided as an underfloor cat-
alyst disposed remote from the combustion chamber 1
of the engine 8 in an environment rarely exposed to rel-
atively high-temperature exhaust gas.

[0037] In the above embodiment, purification of ex-
haust gas in a diesel engine has been described. How-
ever, the present invention can be applied to not only to
diesel engines but engines in general, as long as an en-
gine includes a reduction catalyst body that purifies ni-
trogen oxide in exhaust gas with a reductant or a sub-
stance produced from the reductant, through injection of
the reductant into exhaust gas.
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Claims

1.

An exhaust gas purification device of an engine,
comprising:

an exhaust passage (4) extending from a com-
bustion chamber (1) of an engine (8);

a temperature increasing member (10) which is
disposed on an inner side of an inner wall sur-
face of the exhaust passage and which is to be
heated by exhaust gas passing thereby;

a reductant injector (20) disposed downstream
the temperature increasing member (10) and
configured to inject a reductant into the exhaust
gas; and

a reduction catalyst (13) for purifying nitrogen
oxide contained in the exhaust gas with the re-
ductant or a substance produced from the re-
ductant,

wherein the reductant injector (20) is configured
to inject the reductant toward a downstream end
portion (11) of the temperature increasing mem-
ber (10).

The exhaust gas purification device of an engine,
according to claim 1,

wherein an injection nozzle of the reductant injector
(20) is disposed so as to face the downstream end
portion of the temperature increasing member (10).

The exhaust gas purification device of an engine,
according to claim 1 or 2,

wherein the reductant is urea, and

wherein the downstream end portion (11) of the tem-
perature increasing member (10) supports an am-
monia production promoting catalyst (11a) config-
ured to promote production of ammonia from the
urea.

The exhaust gas purification device of an engine,
according to any one of claims 1 to 3,

wherein the temperature increasing member (10)
comprises a part of an exhaust gas purification part
(A).

The exhaust gas purification device of an engine,
according to any one of claims 1 to 4,

wherein the temperature increasing member (10)
comprises a perforated member, a plate-shaped
member, a rod-shaped member, a mesh-shaped
member, or a honeycomb-structure member dis-
posed on the inner side of the inner wall surface of
the exhaust passage (4).

The exhaust gas purification device of an engine,
according to any one of claims 1 to 5,

wherein the reductant injector (20) is disposed inside
a hole (21) having a spreading part disposed be-
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tween the exhaust passage (4) and the reductant
injector (20) and configured to spread a reductant.

The exhaust gas purification device of an engine,
according to any one of claims 1 to 6, further com-
prising a mixer (30) disposed between the reductant
injector (20) and the reduction catalyst (13).
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